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THERMAL CRACKING OF LOW-TEMPERATURE 
LIGNITE PITCH 

J o h n  S. B e r b e r ,  Richard L. R ice ,  and Delmar R. Fortney ' 

U .  S. Department  of the In te r ior ,  Bureau of Mines,  
Morgantown Coal  Resea rch  Cen te r ,  Morgantown, West Virginia 

INTRODUCTION 

The t a r  used in this  study was  produced by the Texas Power & Light Com- 
pany f rom a Texas lignite carbonized at  about 500"  C in  a fluidized bed. 
pi tch,  a s  used i n  this r e s e a r c h  p rogram,  i s  the t a r  distillation res idue  boiling 
above 350" C. This pitch is about 40 to 50 percent  of the crude t a r .  
complex resinous m a s s  of polymerized and polycondcnsed compounds (1) .  
an  amorphous solid m a t e r i a l  and quite br i t t l e  at  room temperature .  
ana lyses  average 84 pe rcen t  carbon,  8 percent  hydrogen, 5 percent  oxygen, and 
1 percent  each oi nitrogen and sulfur .  
which i t  i s  p repared ,  .being mainly mix tu res  of the higher homologs of the com- 
pounds contained in the dis t i l lable  fractions of the  t a r .  

The 

P i tch  is a 
It is 

Tce  pitch 

It is chemically s imi l a r  to the t a r  f rom 

The pitch is potentially usefu l  a s  a binder in the manufacture of products  
such a s  roofing cement ,  meta l lurg ica l  e lec t rodes ,  asphalt  paving, and pitch fibre 
pipe,  i f  i t s  cha rac t e r i s t i c s  c a n  be modified by physical and chemical  techniques to 
approximate those ol. asphal t  and bituminous b inders  (2). 

Resea rche r s  of the Bureau  of Mines,  U .  S .  Department of the Inter.ior, have 
investigated three methods f o r  changing the  lignite pitch charac te r i s t ics .  

Air-blowing, which i s  used successfully to  t r ea t  bituminous pitch by lower- 
ing the hydrogen content and increas ing  the softening point and the penetrability, 
was  not too effective with l igni te  pitch ( 1 ,  2).  - -  

Catalytic dehydrogenation (a) was found to be effective in reducing the 
hydrogen content of the  pi tch,  but ca ta lys t  cos t  p e r  pound of t rea ted  pitch is high, 
and the catalyst  recovery c o s t  would be prohibitive. 

The rma l  c racking  h a s  proven to be the m o s t  effective in changing the pitch 
cha rac t e r i s t i c s .  
ing of pitch and shows the va r i e ty  of products that  may  be obtained. 

This'  r e p o r t  c o v e r s  the p re l imina ry  work  done on thermal c rack-  

Thermal  cracking is widely used  in the petroleum industry,  par t icu lar ly  for  
the  production of olef ins .  
of coa l  tar.(A, ?), but s e ldom has been used in  the  t r ea tmen t  of pitch. 
ful  t r ea tmen t  of pitch by th i s  p r o c e s s  could upgrade the pitch into meta l lurg ica l  
coke ,  binders,  oxidation feedstock for  phthalic and maleic  anhydrides,  and gases  
such as hydrogen, methane,  and  ethylene. 

Thermal cracking h a s  also been used in  the t rea tment  
The success- 

The binding ability of the  c racked  pitch and oi l  distillation.pitch can be  
determined by the quality of meta l lurg ica l  e lec t rodes  produced using the pitches 
a s  binders.  Many f ac to r s  affect  the binding properties '  of the ma te r i a l s  being 



367 
used  a s  b lnders ,  with different producers  and consumers  using entirely d i f fe ren t  
s tandards ,  so the electrode quality t e s t s  were  used to he lp  evaluate the effective- 
nes s  of t he rma l  cracking of the lignite pitch. 

EQUIPMENT 

The thermal  cracking sys tem is shown in figures 1 and 2. The feed  tank 
( f igu re  2, A )  is made f rom a 13-in. length of 10-in. d iameter  schedule 40 pipe, 
to which a cone has  been added for  the bottom. 
e lec t r ic  hea te r s .  
drive.  
40, type 304, s ta in less -s tee l  pipe, heated by external e lec t r ic  h e a t e r s .  
h e a t e r s  a r e  controlled by outside surface thermocouples  welded to the reac tor .  
The r ece ive r  (E) is a 20-in. length of 4-in. d iameter  schedule 40 pipe. 
r ece ive r  is flanged so that i t  can  be bolted to the bottom of the r eac to r .  
denser  (F') is a 30-in. length of 6-in. d iameter  pipe,  swaged at  the bottom end to 
I-in.  d iameter  and flanged a t  the top. The top flange supports a water-cooled 
tube which in se r t s  into the condenser  body in the manner  of a cold f inger .  The 
knockout (G) is a 34-in. length of a 2-in. d iameter  pipe having a tangential gas  
inlet about 8-in. f rom the bottom. 
d iameter  pipe having a wa te r - sp ray  nozzle near  the top. 
s c rubbe r  dra ins  into a standpipe water -sea l  tank (I). 
piece of 6-in.  d lameter  pipe. 
m e t e r  capable of meter ing  1 ,000  cu ft of g a s  a t  s tandard conditions. 

The tank is heated by commerc ia l  
The feed pump (B) is a smal l  gea r  pump with a var iab le  speed 

The thermocracker  ( D )  is a 4-1/2 ft-length of 2-1/2-in. d iameter  schedule 
The 

The 
The con- 

The scrubber  (H) is a 30-in. length of a 4-in. 
The water  f r o m  the 

The wa te r - sea l  tank is a 
The gas  me te r  ( J )  is a laboratory- type wet - tes t  

PR OC E DURE 

Lignite pitch at  200" C was pumped f r o m  the feed tank through electrically 
The tempera ture  of the thermo-  heated l ines  into the top of the the rmocracke r .  

c r a c k e r  was maintained a t  approximately 790" C a s  indicated by the outside 
su r face  thermocouples .  At the end of a run, the flow of pitch was stopped and the 
pump was' flushed with a low-boiling t a r  fraction to keep the impel le r  of the pump 
f rom freezing. 
and gas .  
removed f rom the s ides  and weighed. 
weighed and analyzed. 
was weighed and then disti l led to 400" C ,  leaving a pitch residue. 
res idue  was  analyzed and, i f  found to  have the des i red  carbon-to-hydrogen atomic 
ra t io  (1 .  20 to 1 .80) ,  was used as a binder for e lec t rodes .  Distillate f rom the oi l  
may be oxidized to phthalic and male ic  anhydrides  o r  separa ted  into ac ids ,  bases ,  
and neut ra l  oils .  
sampled,  and analyzed by gas  chromatography.  

Reactions within the c r a c k e r  produced coke, c racked  pitch, oil,  

Cracked  pitch caught in the r ece ive r  was 
The oil  removed by the condenser  and knockout chamber  

Both the top and bottom of the c r a c k e r  were  removed,  and  coke was  

This pitch 

Gas f rom the c r a c k e r  was cooled and scrubbed,  then me te red ,  

RESULTS AND DISCUSSION 

Resul ts  of the the rma l  cracking t e s t s  a r e  given in tables 1 to  4. Of the four 
m a j o r  products obtained f r o m  the pitch--coke, c racked  pitch, oil ,  and gas--the 
coke averaged about 15 to 25 percent  of the feed  to the c r a c k e r ,  the c racked  pitch 
amounted to about 20 to 40 percent ,  the oi l  was about 20 to 30 percent ,  while the 
balance of the feed to the c r a c k e r  consisted of gas .  



Distribution and yield r a t e s  of products ( f i g u r e s  3 to 6 )  a r e  a s  expected con- 
s ider ing the reaction within the c r a c k e r  a t  different crude,pi tch.feed ra tes .  
the pitch is heated it begins to vaporize,  and the turbulenc'e of the vapors  splashes 
some of the iluid onto the hot wall  where i t  s t icks  and is coked. If enough heat is  
avai lable ,  the r e s t  of the pitch i s  vaporized and cracked.  ' As the cracked 
m a t e r i a i s  leave the hot zone,  heavy high-b<oiling mater ia l s  condense immediately 
and collect  in the r e c e i v e r . a s  cracked pitch; the oil and gas  vapors  pass  on to the 
condenser .  Ii there ' , i s  not enough heat available to vaporize all of , the pitch fed to 
the c r a c k e r ,  the unvaporized portion flows through the hot zone and into, the 
rece iver  without being completely cracked.  Such is the case  when the crude pitch 
feed ra te  is high, the residence t ime in the c r a c k e r  being shor te r  and less  time: 
being available for heat  to penetrate  the inter ior  of the pitch m a s s .  
pitch r a t e s  also lower the tempera ture  inside the c r a c k e r ,  reducing the amount of 
coke formed. 

As 

High crude 

:,. . 
Figures  3 a n d  4 appear  to ref lect  these effects.  The coke r a t e  increases  

m o r e  slowly and the c racked  pitch ra te  increases  m o r e  rapidly than does the 
c rude  pitch feed ra te .  
re la ted to the degree  of cracking and coking, the gas  production r a t e  decreases  
with the increase in c r u d e  pitch feed ra te , ( f igure  5 ) .  Gases a r e  produced, by cok- 
ing of pitch adhering to the c r a c k e r  wall ,  then these gases  a r e  c racked  to produce 
hydrogen and olefins.  
duced by devolatilization and thermal  cracking of the pitch and a r e  a l so  subjected 
to fur ther  cracking. 

Since the gases  a r e  formed by severa l . reac t ions ,  each 

In addition to gas produced f r o m  coke, other  g a s e s  a1z-e pro-  

A;$significant amount of ethylene was produced in the c racker .  
.. . 

Oil produced in the. 'cr&cker,  upon disti l lat ion,  yielded a pitch residue poten- 
tially useful a s  e lectrode binder,  paving m a t e r i a l ,  pitch f ibre  pipe,  or roofing 
m a t e r i a l ,  along with a dis t i l la te  that can  be fur ther  t reated to give valuable chemi- 
ca l  intermediates .  
p re l iminary  data on e lec t rodes  made  with the pitch a s  binder.  
carbon-to-hydrogen atomic rat io  of the pit& residue in relation to the crude pitch 
feed r a t e  (figure 7 )  again re f lec ts  the inhibition of cracking by relatively high 
c rude  pitch feed r a t e s .  

Table  3 gives charac te r i s t ics  of the pitch residue and some 
The decrease  in 

The oil i s  produced in two ways--by cracking of the pitch,  the m o s t  desirable 
method, and by devolati l ization of pitch without cracking.  
the oi l  production r a t e  c a n  i n c r e a s e  approximately in proport ion to the crude"pitch 
feed ra te  (figure 6) .  
degree of cracking,  a s  i s  shown by the drop  in the carbon-tolhydrogen atomic 
rat io .  

This is. the reason why 

However ,  the quality of the oil d e c r e a s e s  with decrease  in 

CONCLUSIONS 
( 

Thermal  cracking of low-temperature  lignite t a r  pitch converted the pitch 

1 into a mater ia l  that s e r v e d  as  a sat isfactory binder i n  the m,adufacture of carbon 
electrodes.  
e lectrodes fell within acceptable  ranges.  
c r a c k e r  significantly affected the ra te  of formation of p r o d w t s  and the composition 
of the pitch residue from'dis t i l la t ion of oil produced in the c r a c k e r .  

Compress ive  s t rength and electricT1 resis t ivi ty  of the result ing 
Crude pitch feed r a t e  to the thermo- 

c 
1 

'1 
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The scrubber  (H) is a 30-in. length of a 4-in. 
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The wa te r - sea l  tank is a 
The gas  me te r  ( J )  is a laboratory- type wet - tes t  
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c r a c k e r  was maintained a t  approximately 790" C a s  indicated by the outside 
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pump was' flushed with a low-boiling t a r  fraction to keep the impel le r  of the pump 
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and gas .  
removed f rom the s ides  and weighed. 
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ra t io  (1 .  20 to 1 .80) ,  was used as a binder for e lec t rodes .  Distillate f rom the oi l  
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coke averaged about 15 to 25 percent  of the feed  to the c r a c k e r ,  the c racked  pitch 
amounted to about 20 to 40 percent ,  the oi l  was about 20 to 30 percent ,  while the 
balance of the feed to the c r a c k e r  consisted of gas .  



Distribution and yield r a t e s  of products ( f i g u r e s  3 to 6 )  a r e  a s  expected con- 
s ider ing the reaction within the c r a c k e r  a t  different crude,pi tch.feed ra tes .  
the pitch is heated it begins to vaporize,  and the turbulenc'e of the vapors  splashes 
some of the iluid onto the hot wall  where i t  s t icks  and is coked. If enough heat is  
avai lable ,  the r e s t  of the pitch i s  vaporized and cracked.  ' As the cracked 
m a t e r i a i s  leave the hot zone,  heavy high-b<oiling mater ia l s  condense immediately 
and collect  in the r e c e i v e r . a s  cracked pitch; the oil and gas  vapors  pass  on to the 
condenser .  Ii there ' , i s  not enough heat available to vaporize all of , the pitch fed to 
the c r a c k e r ,  the unvaporized portion flows through the hot zone and into, the 
rece iver  without being completely cracked.  Such is the case  when the crude pitch 
feed ra te  is high, the residence t ime in the c r a c k e r  being shor te r  and less  time: 
being available for heat  to penetrate  the inter ior  of the pitch m a s s .  
pitch r a t e s  also lower the tempera ture  inside the c r a c k e r ,  reducing the amount of 
coke formed. 

As 

High crude 

:,. . 
Figures  3 a n d  4 appear  to ref lect  these effects.  The coke r a t e  increases  

m o r e  slowly and the c racked  pitch ra te  increases  m o r e  rapidly than does the 
c rude  pitch feed ra te .  
re la ted to the degree  of cracking and coking, the gas  production r a t e  decreases  
with the increase in c r u d e  pitch feed ra te , ( f igure  5 ) .  Gases a r e  produced, by cok- 
ing of pitch adhering to the c r a c k e r  wall ,  then these gases  a r e  c racked  to produce 
hydrogen and olefins.  
duced by devolatilization and thermal  cracking of the pitch and a r e  a l so  subjected 
to fur ther  cracking. 

Since the gases  a r e  formed by severa l . reac t ions ,  each 

In addition to gas produced f r o m  coke, other  g a s e s  a1z-e pro-  

A;$significant amount of ethylene was produced in the c racker .  
.. . 

Oil produced in the. 'cr&cker,  upon disti l lat ion,  yielded a pitch residue poten- 
tially useful a s  e lectrode binder,  paving m a t e r i a l ,  pitch f ibre  pipe,  or roofing 
m a t e r i a l ,  along with a dis t i l la te  that can  be fur ther  t reated to give valuable chemi- 
ca l  intermediates .  
p re l iminary  data on e lec t rodes  made  with the pitch a s  binder.  
carbon-to-hydrogen atomic rat io  of the pit& residue in relation to the crude pitch 
feed r a t e  (figure 7 )  again re f lec ts  the inhibition of cracking by relatively high 
c rude  pitch feed r a t e s .  

Table  3 gives charac te r i s t ics  of the pitch residue and some 
The decrease  in 

The oil i s  produced in two ways--by cracking of the pitch,  the m o s t  desirable 
method, and by devolati l ization of pitch without cracking.  
the oi l  production r a t e  c a n  i n c r e a s e  approximately in proport ion to the crude"pitch 
feed ra te  (figure 6) .  
degree of cracking,  a s  i s  shown by the drop  in the carbon-tolhydrogen atomic 
rat io .  

This is. the reason why 

However ,  the quality of the oil d e c r e a s e s  with decrease  in 

CONCLUSIONS 
( 

Thermal  cracking of low-temperature  lignite t a r  pitch converted the pitch 

1 into a mater ia l  that s e r v e d  as  a sat isfactory binder i n  the m,adufacture of carbon 
electrodes.  
e lectrodes fell within acceptable  ranges.  
c r a c k e r  significantly affected the ra te  of formation of p r o d w t s  and the composition 
of the pitch residue from'dis t i l la t ion of oil produced in the c r a c k e r .  
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6-Thermocracker 
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FIGURE 1 .  - Pitch Thermal  Cracking Apparatus. 
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FIGURE 2. - Thermal Cracking Sys tem.  
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3.  - Coke Rate Based on Crude Pitch Feed 
Rate - Thermal Cracking. 
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FIGURE 4. - Product Pitch Rate Based on Crude Pitch 
Feed Rate - Thermal Cracking. 
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F I G U R E  5. - Cas Production Rate Based on Crude Pitch 
F e e d  Rate - The'rmal Cracking. 
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FIGURE 7 .  - Carbon-to-Hydrogen Atomic Ratio of Oil 
Distillation Residue Based on Crude Pitch 
Feed Rate. 


